ABSTRACT Implementing a successful measurement process is a challenging task. Most measurement studies report measurement models, experiences, and lessons learned based on pilot projects or case studies in a limited scope to overcome specific challenges. This paper identifies 14 basic measurement practices and proposes a model of 18 success factors for implementing measurement processes with respect to the identified measurement theories in our systematic literature review (SLR), i.e., A systematic literature review on software measurement programs, by Tahir et al., 2016 . In addition, a survey is conducted to evaluate the state of measurement practices and to validate the proposed model based on the feedback from 200 software professionals working in Pakistani software industry. The state of measurement practices in the industry is mostly not according to the identified measurement theories in the SLR. For instance, more than 50 measurement models reported in the literature but only 10% software organizations follow any measurement model. 75% of organizations do not follow any measurement standard. 80% software organizations do not use any measurement tool. The proposed model is validated by applying structural equation modeling on the survey data. Furthermore, among 18 success factors, it is statistically significant that Pakistani software professionals strongly believe in necessity of three factors for successful implementation of a measurement process, i.e., synchronization between measurement process and software process improvement, use of measurement standards, and use of measurement models. In addition, they also believe that a successful measurement process will improve prediction, monitoring and management of software projects, and support in achievement of individual and organization-wide objectives. Software organizations might consider this paper in planning and improving their measurement processes.
I. INTRODUCTION
The use of measurement is common in all aspects of human life such as scales for buying vegetables, fruits, grocery items, gold or making estimations for reaching to the home of a friend. The applications of measurement are obvious in all disciplines such as sciences, engineering, medical and others. The measurements play a vital role in software organizations for the improvement of software processes [1] , [2] . It is reported by many software quality assurance agencies that the quality of software product is strongly influenced by the quality of software process followed to develop the software product [3] . Software measurement has become an essential process in software organizations for characterizing, evaluating, predicting and improving software products, processes, and resources [4] - [6] . ISO/IEC 15939:2007 [4] defines measurement process as ''a process for establishing, planning, performing and evaluating measurement within an overall project, enterprise or organizational measurement structure''. Despite the acknowledged importance and advocated benefits of measurement processes for software engineering community, their actual applications in the software industry are limited [4] , [5] , [8] , [9] . It is also reported in a systematic review on measurements in software engineering that software process is the least measured entity [35] .
There are as high as 70% software organizations which are not implementing software measurement processes in spite of all the reported benefits [8] , [10] , [11] . In addition, the studies on implementing measurement processes have reported various challenges [2] . Popović & Bojić [12] have reported that most of the measurement processes are implemented as an additional process which lacks a systematic structure. Díaz-Ley et al. [13] reported that implementation of measurement process can fail because software organizations find it difficult to collect required data. It is reported that 80% of the measurement processes fail due to indecision in what should be measured, how to use measurement data in decision making and lack of awareness regarding fundamental concepts of software measurement [14] , [15] ). The lack of awareness impacts their decisions of not implementing measurement process or adopting it inappropriately [11] , [16] . Most of the failed measurement programs lack long-term sustainability, clear objectives, correct measurement instruments, resources, time and budget [4] , [5] , [9] .
There are a number of published studies which focused on improving different aspects of software measurement for successful implementation of measurement processes by proposing measurement models, tools, theories, guidelines, and practices, to implement software measurement processes in software organizations [1] , [5] . For instance, sustainability of measurement process [16] - [21] , transition to measurement culture [21] , [22] , use of measurement standards [4] , [5] , [7] , synchronization between measurement process and business strategies [23] - [25] . Although, the significance of measuring and evaluating the outcome of software measurement programs is paramount, but still there exist no standard guidelines and models of success factors that may be generalized for all type of software products and software development organizations.
Most software organizations initiate measurement programs (MPs) as pilot projects to plan and establish their measurement processes [5] , [26] . The aim of MPs is to evaluate the measurement processes for their benefits and improvements in software processes and products [4] , [5] , [26] . However, sustaining the MPs organization-wide for all/ multiple projects and gauging their actual impact to characterize, evaluate, improve and predict software processes, products and resources remain challenging [4] , [5] , [26] . Moreover, there are many organizations which implicitly use the data generated through their software processes (e.g., source lines of code, function points, number of defects, number of defects fixed, time spent on specification/design/code/test etc.) for project management purposes even though they do not have a defined measurement process. Unterkalmsteiner et al. [4] and Tahir et al. [5] reported that the majority of MP studies lack the description of context in which they were conducted. The context description includes organizational context (e.g., size of organization, measurement scope, and project/organization level of measurement), stakeholders of measurement datasets, measurement process details (e.g., metrics collection and analysis methods, business goals, measurement goals, source/timestamp of measurement, and artifacts used for measurement). Due to lack of these details, it is very difficult to generalize the state measurement practices in the software industry.
Therefore, based on the findings and analysis of our systematic literature review (SLR) on MPs [5] and the results of this survey, this paper has the following contributions:
• The analysis and evaluation of previously identified 3 key components and 14 sub-components of MPs that should be considered while planning and evaluating MPs.
• A model of comprehensive success factors is proposed that should be considered while planning a MP. A questionnaire containing 45 questions was sent to 200 software professionals working in Pakistani software development organizations to evaluate and validate the proposed model of success factors. It consists of three types of questions:
• Demographic information about the participant and his/her organization.
• Evaluation of the state of measurement processes by asking specific questions that are based on identified measurement components.
• Validation of the model of success factors based on the opinions of participants on likert-scale regarding the importance of success factors for the implementation of a measurement process. The structural equation modeling is applied to the responses to identify statistically significant factors. Table 1 presents research questions of this study. This paper has two main contributions for researchers and practitioners: 1) to provide basic components of a MP which should be considered while planning a MP and evaluating the state of measurement practices in Pakistani software industry with respect to the identified components, 2) to support in planning a successful MP by proposing a model of success factors based on synthesizing and consolidating reported success factors in SLR [2] and later identifying statistically significant success factors for Pakistani software organizations. The practitioners and researchers can further evaluate, extend and refine the measurement components and the model presented in this paper. This paper is organized as follows. Section 2 presents related work. We build background and motivation for the survey as a whole and theoretical model of success factors in Section 3. Section 4 elaborates research methodology and Section 5 describes survey results and analysis. Section 6 presents discussions in terms of a summary of findings and mitigation strategies to key issues, threats to validity and managerial implications and future work of this study. Section 6 presents conclusions.
II. RELATED WORK
Soini [8] presented a survey to investigate the use of software measurement in the Finish software industry. The problems, challenges, limitations are evaluated. There is an overlap between the metrics used for measuring processes and products and most of the process metrics are used for product measurement too which can affect the effectiveness of decision making. Most of the metrics are extracted from the data that was not collected with the intention/context of measurement. Metrics are not collected for their intended use at some management level e.g., middle or upper management. Most of the metrics are lagging (calculated at the end of a process) but there is a strong need of leading metrics (real-time) that can support effective monitoring and controlling. The metrics selection method is based on the information system available for project management in software organizations, or metrics are extracted from already collected data. The metrics are mostly collected to characterize and evaluate while they are rarely used for prediction and improvement of software processes, products, and resources. Most of the metrics are collected and analyzed regarding processes and products entities while resource metrics are least collected and analyzed. We have also evaluated related issues in Pakistani Software industry including purposes of measurement processes, types of metrics, real-time metrics, scope of measurement process, availability of measurement tools, and defined measurement process (Section 3.1).
The Software Engineering Institute (SEI) conducted a survey consisting of 17 questions with the help of random sampling [9] . The implementations of measurement processes are investigated with respect to participant beliefs and organization type. It is observed that administration and staff have different opinions regarding measurement process. The administration believed more strongly that they understand the purpose of the measurement process and it should be documented, measurements should be consistently defined and indicators and thresholds set on measurements should be used for corrective actions and decision making and it helps to improve team performance. The larger organizations (size >= 500 employees) had better measurement infrastructure. Only 40% of respondents believed that corrective actions are taken based on measurement indicators while 20% believed corrective action is rarely or never taken. The use of CMMI guidelines for identification, collection, and analysis are believed to be used by 56% of respondents. There were 21% respondents who believed to have no measurement method for identification, collection, and analysis of software metrics. Most respondents (97%) believed that tracking scheduled progress is most reported metric while 93% respondents believed that effort is the most reported metric. In our study, we have also investigated similar issues and also state of the art issues of measurement processes such as sustainability of MP, use of measurement models and realtime metrics etc (Section 3.1) in different organization types. The organization types in [9] are defined as department of defense, commercial and government. In our study, we have defined organization types as start-up, SME, large, and very large, because we have observed in a systematic mapping study on SMEs that MPs in small organizations face more challenges of time, budget, and resources as compare to large organizations [27] .
Gopal et al. [21] proposed a theoretical model to evaluate the impact of institutional forces and management commitment on successful adaptation of measurement process in an organization. They also analyzed the impact of successful adaptation of measurement process on decision making. They conducted a survey among 214 metrics managers of software organizations and applied structural equation modeling (SEM) on responses. It is observed that institutional forces, metrics adaptation, and management commitment are essential for successful implementation of measurement process. This model is proposed based on experience of implementing MPs and it is also validated in software organizations having already defined MPs. The responses are collected regarding frequency of adapting measurement processes. On the other hand, our model of success factors is proposed based on SLR on MPs. It contains three success factors for implementing a measurement process i.e., external factors, measurement adaptation factors and measurement acceptance factors. In our model of success factors, we have adapted external factors and measurement acceptance factors from the model of Gopal et al. [21] . They defined three possible dimensions of measurement acceptance i.e., 1) frequency of adapting measurement process, 2) mental attitude towards impact of adapting a measurement process and 3) intention to adapt measurement process [21] . We applied SEM on the responses of Pakistani software professionals regarding their mental attitude towards the importance of external factors and measurement adaptation factors for successful implementation of MP and impacts of measurement adaptation towards measurement acceptance factors.
Dyba [28] presented an empirical study to investigate major success factors that may be used to evaluate software process improvement (SPI) using survey method. The proposed model comprises on six independent, one dependent and two contextual variables. A questionnaire with 47 questions related to independent, dependent and contextual variables was sent to different software organizations. A total of 120 respondents from 55 software organizations returned the filled questionnaire. Based on the feedback of respondents, the author presented a theoretical model to analyze major success factors and they succeeded to provide more insight on influence of organizational issues by empirically showing that they are equally essential similar 57870 VOLUME 6, 2018 to technology. He concluded that evaluating success factors for SPI depends on organizational factors and organization culture plays a paramount role in this regard. The RQ answered in this study focuses on the success factors of implementing SPI rather than discussing success factors of implementing MPs. Our study has proposed and validated a model of success factors for implementing MPs.
This study differs from the above surveys in two perspectives. First, the above surveys are mainly based on the experience of implementing MPs while this study first identified 14 basic measurement practices based on a SLR on software MPs (1997-2015) [2] and later analyzed the frequencies of these practices in software organizations. Moreover, a model of success factors is also proposed based on the SLR and validated using SEM. Second, we checked Google Scholar, Wiley Interscience, Science Direct Journals, Springer, One Search, ACM, and IEEE for similar studies in Pakistani software industry. To the best of our knowledge, there is no similar study previously conducted according to research questions in Table 1 .
III. BACKGROUND OF THEORETICAL MODEL
We stem motivation and build background for survey and theoretical model of success factors from our concrete findings highlighted in SLR [2] in this section.
A. BACKGROUND
In our previous research, we conducted a SLR on software MPs [5] . We identified 35 different measurement-planning models and 11 associated tools while answering the following research questions.
''RQ1: Which measurement planning models, tools, and practices are discussed in the literature?'' ''RQ2: Which techniques/methods/models are developed for metrics selection when implementing MPs?'' ''RQ3: What are the success and failure factors for MPs implementation?'' ''RQ4: Which mitigation strategies are discussed for MP implementation? '' We found that there is no clear structure of measurement programs that are reported in primary studies of SLR. Therefore, in this paper, we identified key components of a measurement program that should be considered while planning a measurement program. We have analyzed the state of measurement practices based on these key components. Table 7 presents key components, sub-components and description of components that are analyzed in the software development industry as shown in Appendix A. We have analyzed these components based on descriptive statistics (e.g., percentages and averages) with respect to the size of software organizations. We divided organizations into four categories, such as start-ups, SMEs (less than 250 employees), large (250 -500 employees) and very large (greater than 500 employees). 
B. MODEL OF SUCCESS FACTORS
Among the primary studies of SLR, we identified 18 success factors for implementing MPs. In this paper, we have mapped these success factors among three main factors and propose a model for implementing a MP. The main factors include external, measurement adaptation, and measurement acceptance factors. Later, we have conducted a survey to identify statistically significant success factors of the model with respect to beliefs of software professionals in the Pakistani software industry. The structural equation modeling is a multivariate statistical analysis technique that is used to empirically validate the model based on the survey data. A five points likert-scale is used to collect response of participants i.e., strongly agree (5), Agree (4), Neutral (3), Disagree (2), and Strongly disagree (1) .
The successful implementation of a MP is mainly affected by external factors and the internal (measurement adaptation) factors. First, this model presents external and measurement adaptation factors that should be considered while planning a MP in a software organization. Second, this model presents measurement acceptance factors to evaluate the successful implementation of MP.
1) EXTERNAL FACTORS
The external factors/constructs that may impact the successful implementation of a measurement process consists of 3 sub-factors (EF1-EF3). Table 8 presents a brief description of each sub-factor as shown in Appendix B. The external environment might also strongly influence the software organizations because they need to comply with certain industrywide practices and policies in order to gain legitimacy in the market [21] . In this survey, we are measuring the participant's beliefs regarding the influence of external factors on the successful implementation of a measurement process.
2) MEASUREMENT ADAPTATION FACTORS
The measurement adaptation factors consist of 11 sub-factors (MAD1-MAD11). Table 9 presents a brief description of each sub-factor as shown in Appendix B.
3) MEASUREMENT ACCEPTANCE
In a study, there are three possible dimensions of measuring measurement acceptance i.e. 1) mental attitude towards the impact of adapting a measurement process, 2) intention to adapt measurement process and 3) degree of adapting measurement process [21] . In our context, we are measuring measurement acceptance factor in terms of mental attitude (beliefs) towards the impacts of measurement adaptation. VOLUME 6, 2018 The measurement acceptance construct is measured in terms of four sub-factors. Table 10 presents a brief description of each sub-factor as shown in Appendix B.
IV. RESEARCH METHODOLOGY
Below, we discuss the details of the survey design, data collection, and analysis procedures. We have used the guidelines of the software Engineering Institute (SEI) for conducting survey specifically in software organizations [29] .
A. SURVEY DESIGN
We designed a questionnaire 1 that consists of three types of questions: a) demographic information about the participant and his/her organization (Section-1 of survey), b) specific information about the state of measurement process implementation in the participant's organization (Section-2 of survey), c) opinions of participants regarding the importance of success factors for measurement process implementation (Section-3 of survey). In total, the survey contains 45 questions.
The survey was sent to 542 software professionals. We made the survey available online on the web for three months. In total, we have collected 200 responses. We made the design of the survey to ensure that the respondents provided answers to all necessary questions in a section. For example, the respondents could not continue to the next section of the survey if necessary questions in a current section were left blank.
The opinions of the participants regarding success factors of measurement process implementation (Section-3 of survey) are analyzed using Structural equation modeling (SEM). It is a multivariate statistical analysis method that is effectively used to evaluate the structural relationships between variables [30] . The minimum dataset size for applying SEM is 200 [30] .
The compulsory questions were asked as closed questions while optional questions were asked as open-ended questions to get further information. For example, a close-ended question is followed by an open ended question:
• Does your organization use any measurement model?
(Yes, No).
• If yes, does your organization use any specific measurement model (e.g., Goal Question Metric)? (Open Ended). Most of the questions were multiple-choice questions. We prepared the choices considering the terms used in wellknown standards or commonly used terms in software industry to avoid ambiguity. For example, ISO 12182 software classifications are used for classification of IT systems and software development domains. Similarly, we used the term ''measurement process'' instead of ''measurement program'' in our questionnaire as many organizations may not have implemented a specific measurement program but yet have been performing a measurement process.
For getting answers to opinion questions, we used a five-point likert-scale. Likert scale is a psychometric scale, which is the most commonly used scale in questionnaire and survey designs. It is used when respondents are asked to rank their opinion about something such as customer are asked to rank their opinion about a product quality from high to low or best to worst using five or seven levels [31] . The five-point likert-scale used in this survey included opinions ordered such as following:
• Always (5), Generally (4), Sometimes (3), Seldom (2), and Never (1) • Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), Strongly disagree (1)
We used a survey facility of Google Forms to design the questionnaire. The survey was available online for three months. When distributing the link of the survey, we decided to make purposive homogeneous sampling, which is a nonprobabilistic sampling technique [32] , [33] . It is suitable to collect a homogeneous sample that contains instances of similar characteristics and traits. This technique is suitable for our study, as we have collected data from software professional working in software development organizations. It was explicitly described to the participants to fill up the survey only if they were part of a measurement process or had observations of it in their respective organization.
C. DATA ANALYSIS
First, we first transferred the collected data to MS Excel and transformed the likert-scale answers into ordinal data. Second, we transformed data to Statistical Package for the Social Sciences (SPSS) 2 and performed both descriptive and predictive statistics for analysis towards answering our research questions.
V. RESULTS AND ANALYSIS
The questionnaire consists of three types of questions: Figure 2 presents a summary of the demographic data about the survey participants and their role in measurement process implementation in their organization.
A. PARTICIPANT'S DEMOGRAPHIC INFORMATION
More than 50% of participants in this survey have 1-3 years of experience and their job title as software engineers. The reason for this is that most university alumni working in software industry in Pakistan are contacted and a majority of them were fresh graduates having minimum 1-3 years of experience. A majority of the participants responded being observers of the measurement process. Figure 3 presents demographics of software organizations. We divided organizations into four categories i.e., start-ups, small and medium enterprises (SMEs) (less than 250 employees), large (250 -500 employees) and very large (greater than 500 employees). According to small and medium enterprises development authority (SMEDA), 3 SMEs constitute nearly 3 www.smeda.org 90% of all the enterprises in Pakistan and their share in annual GDP is approximately 40%. According to [34] , there are approximately 1500 registered IT organizations and approximately 10,000 Computer Science graduates enter IT market every year. The IT exports were 100 million in 2003 but exports have grown to US$2.2 billion in 2015, according to Pakistan Software Export Board (PSEB, www.pseb.org.pk). These figures indicate an evolution in Pakistani software development industry.
B. DEMOGRAPHICS OF PARTICIPANT'S ORGANIZATION
In our survey, 42% of the organizations were SMEs. These SMEs are further categorized as very-small (less than 25 employees), small (25-100 employees) and medium (100-250 employees), which constitute 15%, 57% and 28% of SMEs in our survey. There are 6% startups, 24% large and 28% very large organizations.
The list of domains for which software applications are developed in software industry is extracted from another survey [35] . The information technology (70%), professional and business services (44%) and financials (33%) are the most common domains of software application development in this survey.
C. DEMOGRAPHICS OF MEASUREMENT PROCESSES
In this survey, we have evaluated the state of 3 key components of measurement programs in software development industry. The distribution of key components of a measurement program into measurement practices is depicted with the help of a work breakdown structure as shown in Figure 4 . Each measurement practice is elaborated below. 
1) MEASUREMENT STRUCTURE a: DEFINED MEASUREMENT PROCESS
Most of the participants (61%) answered that there is no defined measurement process in their organization. The large (17%) and very large (18%) organizations have higher tendencies of defined measurement process than SMEs (4%) while none of the startup organizations in the survey have defined measurement process as shown in Figure 5 .
ISO/IEC 15939:2007 [4] defines measurement process as ''a process for establishing, planning, performing and evaluating measurement within an overall project, enterprise or organizational measurement structure''. However, it is observed in the SLR [5] , that there is no standard definition of software measurement process followed among reported measurement studies in software development organizations. However, organizations might define their measurement processes with respect to their needs and objectives. 
b: SOFTWARE DEVELOPMENT STANDARDS
We observed in the SLR, that software measurement studies discuss the use of few software development standards. Therefore, in this survey, a list of IEEE glossary of standards is presented. A checkbox with 'other' option and textbox is also given to identify mostly used standards. There are 41% organizations in the survey which do not follow any international standard. According to organization types, there are startups (1%), SMEs (47%), large (30%), very large (22%) organizations, which do not follow any software development standard as shown in 
c: SOFTWARE MEASUREMENT STANDARDS
In this survey, we presented IEEE glossary of measurement standards in a similar way of software development standards to indentify mostly used measurement standards.
In total, there are 75% of organizations which do not follow any measurement standard as shown in Figure 7 . Among the remaining 25% organizations, SMEs (30%) have a lesser tendency to use measurement standards as compared to large (61%) and very large (60%) organizations. IEEE Std 982.1-2005 is used by highest (9%) number of the organizations. Overall, these figures indicate lack of measurement standards used among the software development organizations in this survey. 
d: MEASUREMENT MODELS
We have identified 35 measurement models and 11 tools being reported in the primary studies in the SLR [5] . Goal Question Metrics (GQM) model is considered as a base model for the majority of those 35 measurement models but in this survey, there are only 4% of the organizations using the GQM model. There are 95% of the organizations which do not follow any measurement models as shown in Figure 8 . This indicates lack of measurement models used among the software development organizations in this survey. 
e: MEASUREMENT TOOLS
The automated tools play a very important role in all fields of software engineering including measurement programs but surprisingly, only 20% software organizations are using automated measurement tools according to results of this survey. The software organizations either develop their own tools or use commercial or open source tools available as shown in Figure 9 . MS Excel is used by 12% of the organizations. According to organization type, the SMEs (16%), large (34%) and very large (50%) organizations practicing automated measurement tools. However, in this survey, 80% of the software organizations don't use any measurement tool. In the SLR, we could only identify 11 tools among 65 measurement studies. We cannot find any concrete reason for lack of interest of researchers and software organizations regarding applications of automated tools. Therefore, we recommend that software organizations and researchers need to focus on the automation of measurement process with help of measurement tools.
f: SUSTAINABLE MEASUREMENT PROCESS
In this survey, the sustainability of measurement process is focused by only 6% of the organizations. In the SLR [5] , it is also one of the least focused objectives of measurement studies. Irrespective of organizational-size, the sustainability is not mainly focused by all organizations as presented in Figure 10 . There are 29% participants who were unaware about the presence/absence of sustainable measurement process in their organization. It reflects from results that sustainability of measurement processes requires the attention of software practitioners and software development organizations.
2) MEASUREMENT OBJECTIVES a: MEASUREMENT PURPOSE
In the SLR [5] , the distribution of measurement studies according to measurement purposes of the MP are as follows: Characterization (81%), evaluation (77%), improvement (70%) and prediction (28%). Figure 11 represents Venn diagrams to analyze the measurement purposes with respect to four types of software organizations. It is evident from the diagram that less than half of organizations e.g., large (39%), very large (29%), SMEs (20%) and startups (0%) use measurement process for all the four purposes. Characterization, evaluation, prediction, and improvement of software entities are the purpose of 53, 59, 52 and 61% of organizations. While measurement processes used for all four measurement purposes are in 26% organizations.
This indicates that measurement possesses implemented in software industry are not fully aligned with theoretical perspective of reported measurement studies which advocate that software measurement process should be used to achieve all four measurement purposes [5] , [6] .
b: SCOPE OF MEASUREMENT PROCESS
The use of measurement process at project and organizational level simultaneously helps to plan, implement, monitor, control and improve software development processes, products and resources at each project-level and achievement of organizational goals such as return over investment, and employee satisfaction. In this survey, software measurement process is observed at 56, 14, and 30% of organizations at project, organization and simultaneously at both levels respectively. In the SLR [5] , most of the primary studies discussed measurement programs at project-level, followed by organization-level and simultaneously at both levels respectively 58, 28 and 14%. The results of this survey and SLR [5] illustrate that the scope of software measurement process in software organizations is mostly at project level. Figure 12 represents the scope of measurement processes in four types of software organizations with the help of Venn diagram. The large (39%) and very large (41%) organizations have higher tendency to implement measurement process at both levels as compared to SMEs (20%). On the other hand, SMEs (65%) have higher tendency to implement measurement process at project level as compared to large (47%) and very large (44%). Measurement process at sole organization level is least among SMEs (13%), large (14%) and very large (14%).
c: MEASUREMENT ENTITIES
This survey identifies that processes, products, and resources are measured by 74%, 48% and 36% of organizations respectively. While all three measurement entities combined (i.e., processes, products and resources) is the focus of 23% organizations. In the SLR [5] , software process, product and resources entities are measured by 96, 58, and 40% of empirical studies while all three combined are measured by 56% of studies. The results of this survey and the SLR illustrate that process entities followed by product and resource entities are mostly measured. The resource is a least measured entity in both of these studies. Figure 13 represents measurement of the software entities in four types of organizations with the help of Venn diagram. The collection of all three metrics by software organizations is less than 30% among the software organizations which might indicate lesser collection of data to effectively characterize, evaluate, predict and improve basic categories of software entities. The process metrics are collected more than twice as compared to product and resource categories which might indicate that focus of organizations is to manage their processes while management of products and resources is not generally focused.
d: SOFTWARE PROCESS IMPROVEMENT
CMMI is identified as most widely used software process improvement (SPI) model in the SLR on software measurement programs [5] and SLR on evaluation and measurement of SPI [4] . In this survey, CMMI is used as software process improvement initiative by 29% organizations while 71% of organizations don't follow any software improvement methods, models or standards. Among the remaining 29% organizations, CMMI is used by SMEs (20%), large (47%) and very large (30%) organizations as shown in Figure 14 .
e: MEASUREMENT IN DISTRIBUTED DEVELOPMENT
In Pakistan, mostly software industry constructs software products using distributed development [34] . In this survey, 67% of organizations follow distributed development. These 67% of organizations are further categorized as nearshoring (19%), off-shoring (42%), outsourcing (33%), and on-shoring (6%) as shown in Figure 15 . There are only 38% of participants who believe that their organizations have a defined measurement process for distributed software development. VOLUME 6, 2018 The measurement process becomes even more important for distributed development because characterization, evaluation, prediction, and improvements of software processes, products and resources are generally based on data collected at a distant organization. However, in the SLR [5] , there are less than 10% measurement studies in distributed development organizations.
3) METRICS MANAGEMENT a: METRICS COLLECTION METHOD
In the SLR, we generalized metrics collection methods among six categories. The collected metrics are a key input for evaluation, prediction, characterization, and improvement of software development process. In this survey, majority of the organizations only collect most common metrics (23%) or necessary metrics (30%) for software process improvement. The SMEs (20%), large (22%) and very large (37%) organizations collect metrics that are necessary for software process improvement. The most common metrics are collected by SMEs (30%), large (30%) and very large (11%) organizations as shown in Figure 16 . The use of measurement tools and expert judgment is used by 14% of organizations. The use of automated tools, measurement models and expert judgment is under 15% among the organizations. The use of measurement models is least used method for metrics collection while on the other hand, there are 35 measurement models proposed in literature.
b: CATEGORIES OF METRICS DATA
We have extracted common measurement attributes that are discussed in the studies on implementing measurement processes [5] . The actual use of the measurement attributes in the software industry is evaluated in this survey. The duration, cost, and effort are most measured attributes as shown in Figure 17 . A text-box labeled ''other'' was also presented but no participant provided any other measurement attribute.
c: REAL-TIME METRICS
In SLR [5] , lack of real-time metrics (e.g., cyclomatic complexity, dynamic function calls, no of unused objects and 57878 VOLUME 6, 2018 variables) to monitor and control the actual software development progress is observed to be least discussed. A survey in Finish software industry specifically reported lack of realtime metrics used during software development process. In this survey, we realized that 89% of organizations don't use real-time metrics as shown in Figure 18 . 
d: MEASUREMENT GLOSSAR
The lack of usage of measurement glossary might cause ambiguities in understanding measurement objectives, tasks and process. A measurement glossary containing definitions of used metrics is maintained completely by 38% of the organizations, while 19% partially and 16% don't use measurement glossary at all. There are 28% respondents who are not aware of measurement glossary usage in their organization. A few SMEs completely (30%) or partially (18%) maintain measurement repository as shown in Figure 19 . The large organizations completely (52%) or partially (22%) maintain a measurement repository. The large organizations completely (44%) or partially (11%) maintain a measurement repository.
e: MEASUREMENT REPOSITORIES FOR PREDICTION
It is observed in the SLR [5] that prediction is the least focused purpose of measurement processes in the empirical studies. In this survey, the degree of past data usage for predicting software attributes/entities (e.g., size, cost etc.) is measured on a likert-scale of 5 i.e. ''Never'', ''Rarely'', ''Occasionally'', ''Frequently'' and ''Always''. Most of the participants working in very large organizations believe that they frequently (40%), or occasionally (40%) use measurement data for prediction. While few believe that they rarely (12%) use measurement data for prediction. Similarly, most of the participants working in large organizations believe that they frequently (32%), or occasionally (48%) use measurement data for prediction as shown in Figure 20 . A few participants believe they rarely (15%) or never (5%) use measurement data for prediction. Most of the participants working in SMEs believe that they frequently (45%), or occasionally (35%) use measurement data for prediction. A few believe that they rarely (15%) or never (5%) use measurement data for prediction. Overall, less than 50% of the organizations frequently use past data for prediction. None of the participants responded with ''Always'' on the scale.
f: VALIDATION OF MEASUREMENT DATA
It is important to learn that we are actually measuring what we think we are measuring. The metrics validation in VOLUME 6, 2018 software measurement processes is vital yet it is observed in the SLR [5] that it is least discussed issue in empirical studies. This survey also shows that 58% of participants believe that their organizations don't have any metrics validation while other 15% participants don't know if there is a metrics validation mechanism exists. While only 27% of organizations consider metrics validation as an important measure. A small number of SMEs (13%), large (6%) and very large (6%) organizations validate their metrics as shown in Figure 21 . We have not collected any further details on validation methods as the purpose of this survey is to collect data on basic software measurement processes in software development organizations.
D. RESEARCH MODEL OF SUCCESS FACTORS
This section presents the results of applying SEM. It is a multivariate statistical analysis technique that is used to empirically validate the factors of successful measurement process implementation based on practitioner's beliefs. The five-point likert-scale is used in this survey i.e., Strongly disagree (1), Disagree (2), Neutral (3), Agree (4), and Strongly agree (5).
We analyzed participant's opinion after proposing a theoretical model of 18 success factors for implementing MPs and identifying relationships among its constructs i.e., external forces, measurement adaptation, and measurement acceptance as shown in Figure 22 . The relationships among constructs are validated based on hypothesis testing. Each of these constructs is measured using a distinct set of questionnaire items. Tables 8-10 present the questionnaire items in Appendix B.
1) RESEARCH HYPOTHESES
The relationships among constructs of proposed models are evaluated with the help of two hypotheses as shown in Table 2 . 
2) STRUCTURAL EQUATION MODELING
Structural Equation Modeling (SEM) is a statistical practice that explains the relationships among multiple variables. It is a multivariate statistical analysis method that is effectively used to evaluate the structural relationships between variables [30] . In this research, SEM is used for factor analysis.
The factor analysis is a technique used to identify a structure that describes the relationships among different observed variables. The factor analysis is performed by two methods i.e., Exploratory Factor Analysis and Confirmatory Factor Analysis, which are presented below.
a: EXPLORATORY FACTOR ANALYSIS (EFA)
EFA is concerned with how many factors are necessary to explain the relations among a set of indicators (variables) and with estimation of factor loadings [30] , [36] . It explores the inter-relationship among variables to discover if those variables can be grouped into a smaller set of underlying factors. The KMO (Kaiser-Meyer-Olkin) test is used to test the factor loading (bonding of variable in a factor) and its value that is greater than or equal to 0.50 is acceptable [36] , [37] .
There are three constructs (factors) of the proposed model ( Figure 22 ). The validity of each factor is tested with the help of EFA. The validity of a factor is indicated as good if a set of questionnaire items associated with it are loaded appropriately on it. The KMO value of our dataset is 0.726, which is acceptable for EFA [30] , [36] , [37] . Furthermore, Eigenvalues of the factors should be greater than 1 and total variance explained should be greater than 60 [30] , [36] , [37] . Table 7 shows the total variance explained (i.e., 66.248) and Eigenvalues greater than 1 for three factors as shown in Appendix C.
The principal component extraction method is used to extract the factors because the principal component method is most simple and suitable method for EFA [30] , [36] , [37] . Table 12 represents the rotated component matrix in which all the extracted components are mentioned with their suitable observed variables as shown in Appendix C. The correlations between different factors in the path diagram are known as factor loadings. Factor loadings can be positive or negative. 
b: CONFIRMATORY FACTOR ANALYSIS (CFA
CFA means testing the number of factors to confirm whether the loaded factors are according to the pre-developed theory (i.e., either the resulted latent variables actually cause impact on the observed factors). CFA is used to validate the scale with a specified hypothesis structure [38] . The extracted components are designed in AMOS 24 to perform CFA. AMOS 24 is an appropriate statistical tool to perform CFA. Figure 23 shows the path diagram of the proposed model in which relationships among the latent and observed variables, and error variables are shown. These variables are defined below:
• Latent variables: These variables are also known as unmeasured variables because these are difficult to measure directly. In our proposed model, there are three latent variables i.e., external factors (EF), measurement adaptation (MAD) and measurement acceptance (MA). They are shown in ellipses in the path diagram.
• Observed variables: The variables that are measured or observed by the researchers are known as measured variables or observed variables. These variables are presented in Tables 3-5 as questions/items for each construct/factor and also shown in rectangles in the path diagram.
• Error variables: Each observed variable have some kind of errors in measurements. The measurement errors of variables are shown in small circles in the path diagram. In the path diagram (Figure 23 ), the EF, MAD and MA factors are acting as independent, mediator and dependent variables respectively. In SEMs, model fits are used to indicate whether the underlying model is acceptable. If the resulting model is accepted then relationship paths of factors are tested for significance [39] . Table 3 presents fit indices with their standard and estimated values [40] , [41] . The fit indices values are greater than the recommended values. The method to make a good model fit is iterative, which means to delete one indicator/questionnaire-item at a time and check again to make a model fit. The results of the model fits show that measurement model is a good fit with the data of the proposed model as shown in Table 3 .
c: HYPOTHESIS TESTIN
The mode fit indices above represent the extent to which the hypothesized model fits the survey data. Later, the estimation of the paths between constructs is used for hypothesis testing VOLUME 6, 2018 as shown in Table 10 . The empirical validation of the hypothesis is significant if the value of P of a relationship between constructs is less than .001, .01 or .05 [41] . Table 4 shows that the hypothesis H2 is significant with (P = .035). It depicts that there is a strong empirical validation that metrics adaptation is associated with metrics acceptance. 
VI. DISCUSSION
In this section, we discuss and analyze the results in terms of a summary of our findings, key issues and mitigation strategies, statistical and general validity threats and managerial implications and future work of this study.
A. SUMMARY OF FINDINGS
In this section, we summarize the state of measurement practices and statistical validation of the model. Analysis and findings of SLR on software measurement programs are the basis of this study [5] .
First, we have identified three key components and 14 subcomponents of measurement programs as shown in Figure 4 . Second, a survey is conducted to analyze the state of measurement processes in Pakistani software development industry according to the identified components. As a whole, large and very large scale organizations are observed with more measurement practices as compared to SMEs (see details in Section 5.3). Following are the highlights:
1) DEMOGRAPHICS OF PARTICIPANTS AND SOFTWARE ORGANIZATIONS
• 50-60% of the participants are software engineers with experience of 1-3 years and they have responded being observers of measurement processes.
• SMEs are nearly 50% of the organizations in this survey. IT (70%), professional and business services (44%) and financials (33%) are the most common domains of software applications development.
2) DEMOGRAPHICS OF MEASUREMENT PROCESSES a: MEASUREMENT STRUCTURE
• 61% of the organizations do not have defined measurement process.
• • 75% of the organizations do not follow any measurement standard. IEEE Std 982.1-2005 is used by highest (9%) number of the organizations.
• 95% of the organizations do not follow any measurement model.
• 80% of the software organizations don't use any measurement tool.
• 94% of the organizations don't focus on the sustainability of their measurement processes.
b: MEASUREMENT OBJECTIVES
• Characterization, evaluation, prediction, and improvement of software entities are the purpose of 53%, 59%, 52% and 61% of software organizations. 26% of software organizations use measurement process for all four purposes.
• Software measurement process is observed at 56%, 14%, and 30% of organizations at project, organization and simultaneously at both levels respectively.
• Process, product, and resource entities are measured by 74%, 48% and 36% of organizations respectively. Combination of all three entities is measured by 23% of organizations.
• CMMI is used by 27% of organizations and 71% organizations don't use any software process improvement approaches.
• 67% of organizations follow distributed software development and 62% of these organizations do not have defined measurement processes.
c: METRICS MANAGEMENT
• Most of the organizations use necessary and most commonly used metrics and expert judgment instead of measurement models, and automated tools.
• Duration (32%), cost (27%), and effort (27%) are the most measured attributes.
• 89% of the organizations don't use real-time metrics (e.g., cyclomatic complexity, dynamic function calls, no of unused objects and variables) to monitor and control the actual software development progress.
• A measurement glossary is completely maintained by 38% of the organizations, while 19% partially and 16% don't use measurement glossary at all.
• Less than 50% of the organizations frequently use past data for prediction.
• 58% of software organizations don't have any metrics validation criteria.
3) HIGHLIGHTS OF MODEL VALIDATION
We have also proposed a model of success factors of implementing a MP based on analysis of SLR [2] . We have mapped the success factors among three main factors of a model i.e., external, measurement adaptation and measurement acceptance factors. The model is empirically validated based on the responses of 200 software professionals by using a multivariate statistical analysis technique (i.e., structural equation modeling (SEM)). This technique internally checks the factors of a theoretical model based on Exploratory Factor Analysis (EFA) by exploring the inter-relationship among the items to discover their bonding to constitute a factor. The Kaiser-Meyer-Olkin (KMO) test is used to test the factor loading (bonding of items in a factor) and its value that is greater than or equal to 0.50 is acceptable [36] , [37] . The factor loadings of all the items of ''external forces'' and ''measurement adaptation'' factors have acceptable bonding (KMO > 0.5) to constitute both factors. However, the EFA identifies 3 out of 11 items i.e. MAD4, MAD5, MAD6) which are necessary to constitute measurement adaptation factor based on factor loadings. This means that practitioners strongly believe that synchronization between measurement process and software process improvement (MAD4), use of measurement standards (MAD5), and use of measurement models (MAD6) are necessary to be adapted for successful implementation of a measurement process. The EFA is followed by confirmatory factor analysis (CFA), which verifies that the theoretical model is also statistically significant based on model fit indices. The factors of the models are connected based on hypotheses. Later, hypothesis path estimations are used for empirical validation of hypotheses. The H2 hypothesis is empirically validated (P < 0.05) which means practitioners strongly believe that adaptation of measurement process is significantly related to improvement in monitoring and management of software projects (MA1), better utilization of historical data for prediction (MA2), achievement of organization-wide objectives (MA3) and enabling individuals to complete their tasks (MA4). Table 5 presents key issues identified in this survey and their mitigation strategies discussed in measurement studies. These strategies are presented from our comprehensive literature reviews on software measurement programs [5] , [27] . 
B. KEY ISSUES AND MITIGATION STRATEGIES

C. THREATS TO VALIDITY
In this section, we present statistical and general validity threats of the survey study. We have evaluated state of 14 measurement practices and validated a model of 18 success factors for implementing MPs with respect to responses of Pakistani software professionals. VOLUME 6, 2018 
1) CONSTRUCT VALIDITY
The construct validity relates to whether we are actually measuring the real-world software measurement practices. Furthermore, it involves reliability of the questionnaire-items that are based on the success factors of the proposed model. Reliability of the measures expresses the degree to which it is consistent and repeatable. The questionnaire-items for evaluating the state of 14 basic measurement practices are designed with respect to findings of peer-reviewed and empirical research in SLR. The purpose of questionnaire-items was to count the frequencies of measurement practices in startups, SMEs, large and very organizations. The frequencies of measurement practices directly convey the presence/absence of measurement practices without any addition of biasness. The impact of participant's role, experience and organization type on their opinions regarding success factors of MPs are statistically evaluated in Section 6.3.5.
The Cronbach Alpha test measures the internal consistency (reliability) of questionnaire-items regarding the proposed model of success factors [74] , [75] . It indicates the extent to which the questionnaire-items truly measure what it claims to measure, i.e., the underlying construct. In other words, it tests whether the questionnaire-items measuring a construct are inter-correlated well enough to jointly form the construct. Table 6 presents Cronbach Alpha test results of the three factors/constructs of the proposed model. The coefficient of alpha is calculated to measure the level of closeness among the related items in a group. This coefficient varies from 0 to 1 and higher value of alpha indicates higher reliability of scale as given below.
• (α ≥ 0.9): Excellent
There is possible sampling bias as purposive sampling is used instead of random sampling in this study. The purposive sampling involves selection of participants by the researchers as compared to random sampling. There are few surveys on software measurement processes which have used databases of clients and their employees working in collaboration with research centers and they have also used random sampling to an extent due to having very large data size e.g., Software Engineering Institute [8] and Finland software industry [8] . But in our case, there is no such database/repository available for research purpose and the software industry in Pakistan is going through an evolution [34] . Therefore, we applied the purposive sampling method [33] in which participants with specific characteristics are contacted based on their availability and convenience for the survey.
In order to partially mitigate this risk: first, we defined software measurement and software measurement process at the start of the survey and given the choice to give no response if they think they did not support or be part of a software organization, where measurement process is applied and/or observed as defined. There are 15 respondents that did not fill up the survey as they could not visualize measurement process in their organizations or as practitioners. The authors being university instructors mostly contacted computer science and software engineering alumni students. In addition, professionals working in software industry within the social circle are contacted. Furthermore, LinkedIn contacts of software professionals are also requested. The participants were assured of anonymity and confidentiality of data so that they could answer questionnaire-items without any reluctance.
3) MODEL VALIDITY
SEM is used to validate the model of success factors. The SEM performs model validation by estimating two separate models i.e., the measurement model and the structural model.
a: MEASUREMENT MODEL
It addresses the degree to which questionnaire-items capture the underlying constructs/factors. This model involves construct and discriminant validity. The construct validity is already presented above. Discriminant validity tests if the questionnaire-items measuring one construct are sufficiently uncorrelated from other constructs, thereby establishing the ability to discriminate between constructs. The tests results of KMO and eigenvalues in EFA ensure discriminant validity among success factors of the model (see details in Section 5.4.2). EFA involves a factor analysis of all the questionnaire-items together to examine the factor structure and loadings. The KMO test is used to test the factor loading and its value is 0.726 which is greater than the minimum acceptable value i.e. 0.50 [26] , [36] , [37] . Furthermore, Eigenvalues of each of three factors is greater than 1 and total variance explained is also greater than 60 [30] , [36] , [37] (Section 5.4.2).
b: STRUCTURAL MODEL
It describes the relationship between the constructs of the proposed model and tests the research hypotheses (Section 5.4.1).
CFA is used to estimate the structural model (Section 5.4.2). CFA can be applied to survey data provided that the responses are interval scaled, continuous data and sample size is great than 199 [76] . We have used five-point likert-scale and prior research has shown that this scale can be treated as continuous for the purposes of CFA [77] . West et al. [78] evaluated the impact of categorization of a continuous variable in a covariance matrix with maximum likelihood estimation using a set of Monte Carlo simulations and estimations based on categorized variables were sufficiently robust . Bollen and Barb have shown that a five-point likert-scale used to approximate underlying continuous variable has small distortion in correlation coefficients [79] . Therefore, we consider five-point likert-scale data in this study as continuous [21] .
CFA is used to estimate the statistical fitness of the proposed model. The goodness of fit indices for the model (Section 5.4.2) depicts that the overall hypothesizes structure ( Figure 22 ) appropriately fits the data. Later, we check individual hypothesis based on estimations of paths between constructs. Hypothesis testing shows that there is a statistically significant association (P = .035) between the metrics adaptation factor and metrics acceptance factor as shown in Table 4 . Thus overall hypothesized structure of the proposed model and there is a strong empirical validation that metrics adaptation factor is associated with metrics acceptance factor.
4) CONCLUSION VALIDITY
Conclusion validity involves reliability and credibility of the conclusions drawn from the results of each phase of the research work [80] . It is related to the degree of confidence regarding the validity of the study that researchers can gain from the appropriateness of empirical methods [81] . We have taken a systematic approach to this research for managing the construct validity threats. First, we have conducted a SLR which is considered vital to accumulate evidences from the research literature. It systematically identifies and analyses evidences from primary studies (Section 3.1). The identification of basic measurement practices and the proposed model of success factors are based on the results and analysis of SLR (Section 3.2). Second, the survey was administered to 5 practitioners, who provided valuable feedback. The changes and feedback were incorporated before conducting the survey. Third, a structured survey instrument is used to statistically evaluate the frequency of 14 measurement practices in software industry and validation of statistically significant success factors in the proposed model based on the practitioners' beliefs (Section 4.1). The investigation of 14 measurement practices provides a key insight of state of measurement practices in 200 software organizations without drawing a general conclusion (Section 5.3). Finally, SEM provided a statistical validation of the model.
5) IMPACT OF PARTICIPANT'S DEMOGRAPHICS ON THEIR RESPONSES
One-Way ANOVA test is applied on the survey data to analyze the impact of participants' experience, role and organization type on their opinions regarding importance of three success factors. This test is used to compare mean scores of three or more groups, such as comparing the mean scores of different types of organizations; startups, SMEs, large, very large, regarding the impact of external factors on implementing software measurement process.
a: PARTICIPANT'S EXPERIENCE
The One-Way ANOVA test is conducted to compare the effect of different levels of participant's experience on their opinions regarding the impact of external factors, measurement adaptation factors and measurement acceptance factors on successful implementation of measurement process. Table 13 presents the results of the One-Way ANOVA test as shown in Appendix D.
The analysis of variance showed that the effect of participant's experience on their opinion regarding the impact VOLUME 6, 2018 of external forces was not significant, F(3, 196) = .35, p = .771. Similarly, the analysis of variance showed that the effect of participant's experience on their opinion regarding the impact of measurement adaptation factors was not significant, F(3, 196) = 1.808, p = .147. The analysis of variance showed that the effect of participant's experience on their opinion regarding the measurement acceptance factors was also not significant, F(3, 196) = 1.808, p = .147. The p-value greater than 0.05 for each factor indicates that there is no experience level of participant's VOLUME 6, 2018 (1-3, 4-6, 7-9, 10 or more years) which impacts his/her opinion regarding the external factors, measurement adaptation factors, and measurement acceptance factors.
b: PARTICIPANT'S ROL
The One-Way ANOVA test is conducted to compare the effect of participant's role on their opinions regarding the impact of external factors, measurement adaptation factors and measurement acceptance factors on successful implementation of measurement process. Table 14 presents results of the One-Way ANOVA test as shown in Appendix D.
The analysis of variance showed that the effect of participant's role on their opinions regarding impact of external forces was not significant, F (5, 194) = .35, p = .539. Similarly, analysis of variance showed that the effect of participant's role on their opinion regarding the impact of measurement adaptation factors was not Furthermore, analysis of variance showed that the effect of participant's role on their opinion regarding the measurement acceptance factors was not significant, F (5, 194) = 1.696, p = .137. The p-value greater than 0.05 for each factor indicates that there is no participant's role (Program Manager, Project Manager, Team Leader, Software Engineer, Software Analyst, Software Quality assurance) which impacts his/her opinion regarding the external factors, measurement adaptation factors, and measurement acceptance factors.
c: PARTICIPANT'S ORGANIZATIO
The One-Way ANOVA test is conducted to compare the effect of participant's organization type on their opinions regarding the impact of external factors, measurement adaptation factors and measurement acceptance factors on successful implementation of measurement process. Table 15 presents results of the One-Way ANOVA test as shown in Appendix D.
The analysis of variance showed that the effect of participant's organization type on their opinions regarding impact of external forces was not significant, F (3, 196) = 1, p = .394. Similarly, analysis of variance showed that the effect of participant's role on their opinion regarding the impact of measurement adaptation factors was not significant, F (3, 196) = 1.442, p = .232. Moreover, analysis of variance showed that the effect of participant's role on their opinion regarding the measurement acceptance factors was significant, F (3, 196) = 3.773, p = .012. The p-value greater than 0.05 for external factor and measurement adaptation factor indicates that there is no participant's organization type (start-up, SME, large, very large) which impacts his/her opinion regarding both factors. The p-value less than 0.05 for measurement acceptance factor requires further investigation to identify which organization type effects the opinion of the participants and this is done with the help of Post Hoc Tukey Test.
The Post Hoc Tukey Test is applied on the job-organization of participants and their opinion regarding measurement acceptance factor. Table 16 presents results of the Post Hoc Tukey Test as shown in Appendix D. The test showed that the opinions of participants working in SMEs and very large organizations differed significantly (at p < .05) regarding measurement acceptance factors. Similarly, opinions of participants working in large and very large organizations differed significantly (at p < .05) regarding measurement acceptance factors. Furthermore, the effect size of participant's job-organization on their opinion regarding measurement acceptance is calculated by Etta-Square value (η2). The univariate analysis in the SPSS tool is used to calculate η2 = 0.055. According to Cohen (0.02 > η2 > 0.13), the effect size is small [82] . In a nutshell, this means that effect of participant's job-organization on her/his opinion regarding measurement acceptance factors is statistically significant but the size of the effect of job-organization is small.
D. MANAGERIAL IMPLICATIONS AND FUTURE WORK
Software managers are key stakeholders of measurement process while planning, monitoring, and controlling software development process and making decisions. Our research informs them with a first level description of basic measurement practices based on a SLR on MPs and aims to support planning and setting up measurement processes. Furthermore, it presents the state of Pakistani software industry according to the basic measurement practices. The researchers and practitioners from other countries can reuse this study 1) to evaluate and compare the state of measurement practices in their industry 2) extend the 14 measurement practices or modify the survey-questionnaire according to their context. The software industry in Pakistan is small and going through an evolution as compared to USA and European countries [8] , [9] , [26] , [34] . The survey results depict lack of basic measurement practices such as defined measurement processes, measurement standards, measurement models and automated measurement tools. We have also proposed mitigation strategies for observed challenges based on analysis of literature on MPs. On the other hand, measurement processes are considered key component for software process improvement in research and software industries of modern world [4] , [21] , [26] , [42] .
In this survey, we have found out that nearly half of 200 software organizations are SMEs. Most of MP studies in the SMEs report fundamental challenges of budget, time and resources as compare to large organizations. Therefore, we have also conducted a systematic mapping study on MPs to investigate measurement models, tools, standards, practices, challenges, and success factor in SMEs [27] and using it VOLUME 6, 2018 to design a questionnaire for specifically investigating MPs in SMEs. Moreover on a broader spectrum, this study, SLR [5] and SMS [27] are the first step towards research and development of measurement processes specifically for Pakistani software industry. In future, we are planning to evaluate the software development practices and measurement practices with the help of interviews and observations and propose tailor-made measurement model and practices.
It is also observed that 58% of participants in this survey have 1-3 years of experience which might affect their responses regarding measurement practices. In this study, we have applied One-Way ANOVA test on the survey data to analyze the impact of participants' experience, role and organization type on their opinions regarding importance of three success factors (Section 6.3.5). The test results reveal that only participants' job-organization has a statistically significant effect on their opinions regarding measurement acceptance but the size of the effect of job-organization is small (Section 6.3.5). We have distributed the survey among 542 potential participants keeping in mind the experience range of 1-3, 4-7, 7-9 and 10 or more years. However, more university alumni confirmed to fill up the survey. The participants were assured of anonymity and confidentiality of data so that they could answer questionnaire-items without any reluctance. However, only 37% of the contacted software professionals responded. The reason might include lack of industry and academia coordination in research and software professionals are not used to participate in survey-based research.
It is important for software managers to consider success factors of implementing MPs while implementing basic measurement practices (Section 6.2). The successful adaptation of measurement practices requires structural changes to improve the chances of measurement acceptance e.g., establishing measurement culture, synchronizing measurement process with software development process and software process improvement and sustainability of measurement process across all software projects in an organization (Section 3.2). Moreover, it is important for software managers to facilitate adequate budget, time and resources for successful implementation of MPs [4] , [5] , [27] . This approach can support them to improve chances of successful implementation of MPs.
The proposed model of success factors has multiple opportunities for future work. First, the model is proposed purely based on literature review. More work by practitioners and researchers is required to refine the factors and possibly add more factors in this model. Second, we are measuring the success of MP in the form of measurement acceptance factor. With more research, the success of MP can also be measured in terms of return over investment, software process improvement and product quality improvement. Third, context of implementing MP in SMEs and large organizations face different challenges [27] , therefore, organizational settings should also be considered while implementing the proposed model of success factors.
VII. CONCLUSIONS
In this paper, we evaluated key components and success factors of software measurement programs extracted from our previous SLR and proposed a model of success factors. In general, the state of measurement practices in software organizations is not at a good status around the globe and requires special attention for Pakistani software development organizations. We discovered very conclusive outcomes through this survey. For example, there are more than 50 measurement models reported in the literature but only 10% software organizations in this survey follow any measurement model. Similarly, 75% organizations do not follow any measurement standard. There are 80% software organizations which do not use any measurement tool. There are multiple software process improvement (SPI) models but 71% software organizations do not use any SPI model. The resource metrics are least utilized by software organizations. There are only 38% software organizations which frequently use measurement data for prediction. As a whole, large and very large scale organizations are observed with more measurement practices as compared to SMEs. Later, we have also presented mitigation strategies for key issues identified in software organizations. To the best of our knowledge, this survey is a first attempt to evaluate measurement processes in Pakistani software industry.
In this paper, we have proposed a model of 18 success factors for implementing a MP. The 18 factors are mainly categorized under external, measurement adaptation and measurement acceptance factors. The model is empirically validated by applying Structural Equation Modeling (SEM) on the responses of 200 software professionals and it is revealed from responses (strongly believe) that synchronization between measurement process and software process improvement (MAD4), use of measurement standards (MAD5), and use of measurement models (MAD6) are necessary to be adapted for the successful implementation of a measurement process. In addition, software professionals strongly believe that adaptation of measurement process are significantly related to improvement in monitoring and management of software projects (MA1), better utilization of historical data for prediction (MA2), achievement of organization-wide objectives (MA3) and enabling individuals to complete their tasks (MA4).
According to PSEB, 6 IT industry in Pakistan is going through a revolution as IT investments have currently risen up to $5.1138 billion from $100 million in 2003 and growth rate of IT remittances in Pakistan was 16% in the year 2016-2017. Software measurement is vital for software process improvement (SPI) and effective monitoring and controlling of processes. They can provide key support towards meeting international quality standards of processes and products. For instance, CMMI is most commonly used SPI model and its certification by a organization cannot only improve its processes but also improves its chances of winning international project bids. The software process capability and maturity level-4 and level-5 of CMMI cannot be achieved without effective and efficient measurement processes. Therefore, software organizations might plan and evaluate their measurement processes according to three key components presented in this study and they should also consider the model of success factors before planning their measurement programs. In future work, this study might also be conducted in the software industries of other countries to evaluate and compare the basic states of measurement processes and to identify the most important success factors.
APPENDIX A
See Table 7 .
APPENDIX B
See Tables 8-10 .
APPENDIX C
See 
